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Amendments to the Claims ; 

This listing of claims will replace all prior versions, and listings, of claims i 

application: 



t ictino of Claims; 



I 



1, (canceled) 

2. (currently amended) The hearing amplification device of claim 1 wherein aaid at lenat 
u n c chnnnrl i n f i n th-r -r fl r"" , , t tn r rnv i Ac nflid mpid comprcoaivc gain ao In a hearing 
am plification *Wire adapted receive a sovi nd sign a l , t he hea ring amplification device having 
nt Wst one bandpass r,on-li r .™rirv fBPNL) channel confirmed to receive an input 
re presentative nf said sou nd signal, th^ improvement comprising; 

said r.hannel being further confi gured to provide (1) linear gain for an input 
re presentative nf a portion of a suhband of Mid sound signal having an instantaneous sound , 
W ft J less than » romnressior, threshold. (2) instantaneous compressive gain for ah input 
representative nf a portion of a *i.hnar,d of said sound signal having an instantaneous sound 
level greater than said compression thresh o ld, wherein said rapid compressive gain Is jess than 
said linear f»™ «"d adaptive co ptml of said compression threshold. 

3. (original) The hearing amplification device of claim 2 wherein said at least one 
channel is further configured to adjust said compression threshold at least partially in response 
to changes in said sound signal. 

4. (previously presented) The hearing amplification device of claim 3 wherein said at least 
one channel is configured to have its compression threshold initially set to a predeterrnined 
quiescent level, and wherein said at least one channel is further configured to adjust said 
compression threshold such that said compression threshold is in a range of about said 
predetermined quiescent level to about 20 decibels below an average sound level of at least a 
portion of said sound signal. 
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5. (original) The hearing amplification device of claim 3 wherein said at least one 
channel is configured to adjust said compression threshold such that said compression 
threshold is within a range of about 5 decibels below an average sound level of at least a portion 
of said sound signal to about 5 decibels above said average sound level. 

6. (original) The hearing amplification device of claim 3 wherein said at least one 
channel is further configured to provide a smooth transition between said linear gain and said 
instantaneous compressive gain. 

7. (original) The hearing amplification device of claim 3 wherein said at least one 
channel is further configured to provide a sharp transition between said linear gain and said 
instantaneous compressive gain. 

8. (currently amended) The hearing amplification device of claim 3 wherein said at least 
one channel is further configured to provide (1 ) constant gain decompression for an input 
representative of a portion of * suhhand of said sound signal having a an, Instantaneous sound 
level greater than a decompression threshold, said decompression threshold being greater than 
said compression threshol d, mid conatant gain being boo than oaid oomprcoo i vp en in. 

9. (original) The hearing amplification device of claim 8 wherein said at least one 
channel is configured to have its compression threshold initially set to a predetermined 
quiescent level, and wherein said at least one channel is further configured to adjust said 
compression threshold such that said compression threshold is in a range of about said 
predettnnined quiescent level to about said decompression threshold. 

10. (currently amended) The hearing amplification device of claim 8 wherein said at least 
one channel is further configured to provide attenuation for an input representative of a portion 
of a subband of s aid sound signal having a an instantaneous sound level greater than an 
attenuation threshold, said attenuation threshold being greater than said decompression 
threshold. 
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1 1 (original) The bearing amplification device of claim 2 wherein said at least one 
channel is further configured to provide said instantaneous compressive gain as at least square 
root compression. 

12. (original) The hearing amplification device of claim 2 wherein said at least one 
channel is further configured to adjust said compression threshold at least partially in response 
to a user input. 

13. (original) The hearing amplification device of claim 2 having a plurality of said 
channels, each of said channels being responsive to an input representative of an audio 
frequency range different from other channels. 

14. (original) The hearing amplification device of claim 1 3 wherein each channel is 
configured to have its compression threshold initially set independently of each other channel, 
and wherein each channel is further configured to adjust its compression threshold at least 
partially in response to changes in said sound signal. 

1 5 (original) The hearing amplification device of claim 1 4 wherein each channel is 
configured to independently adjust its compression threshold at least partially in response to 
changes in said sound signal. 

1 6. (currently amended) The hearing amplification device of claim 14 wherein each 
channel is further configured to provide (1) ee nstant gain decompression for an input 
representative of a portion of a suhhand of s aid sound signal having a an instantaneous sound 
level greater than a decompression threshold, said decompression threshold being greater than 
said compression threshol d, aoid conotant gain being leoa than oaid oomprcooivo gain, -. 

1 7. (original) The hearing amplification device of claim 1 6 wherein each channel is 
configured to have its compression threshold initially set to a predetermined quiescent level, 
and wherein each channel is further configured to adjust its compression threshold such that 
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its compression threshold is in a range of about its predetermined quiescent level to about said 
decompression threshold. 

1 8. (original) The hearing amplification device of claim 1 7 wherein each channel is 
further configured to adjust its compression threshold such that its compression threshold is in 
a range of about said predetermined quiescent level to about 20 decibels below an average 
sound level of at least a portion of said sound signal 

19. (original) The hearing amplification device of claim 1 7 wherein each channel is 
configured to adjust its compression threshold such that its compression threshold is within a 

/ range of about 5 decibels below an average sound level of at least a portion of said sound signal 

to about 5 decibels above said average sound level. 

20. (canceled) 

21. (currently amended) The method of claim 20 wherein paid rapidly comprcoaivriy 
nmpljfy ine n rn p innlnHno A method of compensat ing for impaired hearing, said method 
comprising: 

linearly a m plifying an input corre s ponding to a portion of a subband of a sound signal 
having an instantaneous sound level less than a compression thresh old; 

instantaneously compressively amplifying an input corresponding to a portion of a 
subband of a sound signal having ft an instantaneous sound level greater than said compression 
threshold ; and 

adapt^ y ™" willing said compression threshold at l east partially in response to 
changes in said sound signal . 

22. (currently amended) The method of claim 21 further comprising: 

initially setting said compression threshold at a predetermined quiescent level; 
storing a previously determined peak value for a previous portion of said sound signal; 
determining a current peak value for a current portion of said sound signal; and 
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wherein said adaptive* controlling step includes iawant* increasing said compression 
threshold when said determined current peak value is greater than said stored peak value. 

23. {original) The method of claim 22 wherein said adaptive* controlling step 
includes: 

maintaining said compression threshold at its current level when said determined 
current peak value does not deviate by more than a predetermined triggering amount from said 

stored peak value; and 

decreasing said compression threshold when said determined current peak value 
deviates by more than said predetermined triggering amount from said stored peak value. 

24. (original) The method of claim 23 wherein said decreasing step includes: 
decreasing said compression threshold when said determined current peak value has 

continuously deviated by more than said predetermined triggering amount from said stored 
peak value for a predetermined amount of time. 

25. (currently amended) The method of claim 24 wherein said adaptive* controlling step 

further includes: 

setting a maximum value for said compression threshold; 
- setting a minimum value for said compression threshold; 

estimating an average sound level for at least a portion of said sound signal from said 

determined current peak value; 

wherein said ins ta ntly adjuoting increasing step includes increasing said compression 
threshold to substantially match said estimated average sound level when said estimated 
average sound level is less than or equal to said maximum value and increasing said 
compression threshold to equal said maximum value when said estimated average sound level 
is greater than said maximum value; and 

wherein said decreasing step includes decreasing said compression threshold by a fixed 
amount when said compression threshold minus said fixed amount would not be less than said 
minimum value and decreasing said compression threshold to equal said niinimum value when 
said compression threshold minus said fixed amount would be less than said minimum value. 
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26. (currently amended) The method of claim 25 farther comprising: 

providing constant gain tWnmmession for an input corresponding to a portion of a 
su^baaiof_a sound signal having e an instantaneous sound level greater than • S3& 
decompression threshold, wherein said decompression threshold is greater than said 
compression threshol d, ^uid conotant g n mlaing lcao t hnn juid e o naprcooivc gnifty 

27. (original) The method of claim 26 wherein said step of setting said maximum 
value includes setting said maximum value as said decompression threshold, and wherein said 
step of setting said minimum value includes setting said minimum value as said predetermined 
quiescent level. 

/ 28. (currently amended) The method of claim 21 further comprising: 

providing constant ga m decompression for an input corresponding to a portion of a 
snhhand of a sound signal having a »n instantaneous sound level greater than e SSid 
decompression threshold, wherein said decompression threshold is greater than said 
compression threshold , jai i l constant gain bunfe koo than jaid compressive g ii n? . 

29. (currently amended) The method of claim 28 further comprising: 

attenuating an input corresponding to a portion of a subband of a sound signal having * 
an instantaneous sound level greater than an attenuation threshold, wherein said attenuation 
threshold is greater than said decompression threshold. 

30. (original) The method of claim 21 further comprising: 

performing each of said steps for a plurality of different audio frequency ranges. 

31. (original) The method of claim 21 further comprising providing a smooth 
transition between said linear amplification and said instantaneous compressive amplification. 

32. (original) The method of claim 21 further comprising providing a sharp transition 
between said linear amplification and said instantaneous compressive amplification. 
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33. (canceled) 

34. (currently amended) The device of claim 33- 35 wherein said transfer function is 
configured to obey odd symmetry. 

35. (currently amended) Th e device of claim 33 therein said transducer in mcmoryloog te> 
piu »ld b paid rapid um i u i uij iw g nin iuouuitanoouoly. A bandpass non-lin e arity (BPNL) hearin g 
, Tr »fi ^ti»n device ada r ^i +" revive and amplify a sound signal, said device , comprising: 

« rnemorvlecg transducer far processing a transducer innnt according tP a transfer 
^ rn thereby nr onW a transduce r m.t pnt. said transducer input being representative o . f a 
fl frtomrl of a sound sif ™»l, **"d trans d ucer output being representative of ftn amplified SQund 
/ ffir n a l, M iH transf er faction being c onf ^rrd to provide M ) linear gain for a transducer input 

' - rotative of ? r™t«™ " f " subbanH of said sound simal having an instantaneous sound 

w»l w than a comr«^ thresh o ld and 111 instantaneous compressive fffo for * 
^a nC HnrPr innut representative of a p ortion of a subband of said sound signal haying , an 
;n cHn> a n ^ s sound l e v*1 neater than said impression threshold, wherein said rapid 
mmnressive gain is less th an said linear eauii and 

■ compression threshold cont r oller coupled to said transducer for adjusting said 
p^inr. threshol d at Igast nartiallv in response to changes in said sound sign al 

36. (currently amended) The device of claim 35 wherein said compression threshold is 
initially set to a predetermined quiescent level, and wherein said controller is configured to: 

estimate an average sound level for at least a portion in time . o f said sound signal; and 
adjust said compression threshold in a range of about said predetermined quiescent 
level to about 20 decibels below said estimated average sound level. 

37. (currently amended) The device of claim 35 wherein said controller is configured to: 
estimate an average sound level for at least a portion in time of said sound signal; and 
adjust said compression threshold in a range of about 5 decibels below said estimated 

average sound level to about 5 decibels above said estimated average sound level. 
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38. (original) The device of claim 35 wherein said transfer function is further 
configured to provide a smooth transition between said linear gain and said instantaneous 
compressive gain. 

39. (original) The device of claim 35 wherein said transfer function is further 
configured to provide a sharp transition between said linear gain and said instantaneous 
compressive gain. 

40. (previously presented) The device of claim 35 wherein an asymptotic representation of 
said transfer function TA1 is defined by the general formula: 

TA=TA(u,A,U,p), 

wherein for |u| < U: 



wherein for |u| > U 



wherein: 



TA(u,A,U,p)=Au 



TA(u,A,U t p)=s&i{u)AU 



TA1 =TAl(u / Uc) =TA(u,A(Uc),U c (Y),p); 
wherein U C (Y)= U t for Y less than Ui and U C (Y) = Y for Y greater than or equal to U„ whwein 
Ui represents a quiescent level for said compression threshold, wherein U c represents an 
adjusted compression threshold, wherein Y represents a control signal from said controller for 
controlling said compression threshold, wherein u represents said transducer input, wherein p 
represents a compression power, and wherein A represents a magnitude of gain, wherein for Y 
less than U,: 

A = G } 

and wherein for Y greater than or equal to 1^: 



A = G, 
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wherein G, represents the magnitude of a quiescent gain. 



41 (currently amended) The device of claim 35 wherein said transfer function is further 
configured to provide ******** to^p^n for a transducer input representative of a 
poJTofa^b^ 

decompression threshold, wherein said decompression threshold is greater than sari 
compression threshold , a nd , uuu Mi ™nn ^ n 1 ^ thnn ^ ^ e^ees^a«. 

4X (currentlyamended) The device of claim 41 wherein an asymptotic 

said transfer function is defined as a cascade of two functions TA1 and wherem both TA1 

and TA2 are defined the general formula: 

TA=TA(u,A,U,p), 



wherein for |u| < U: 



wherein for |ul > U 



wherein: 



TA{u t A,U,p)=Au 



TA(u,A > U,p)^sgft{u)AU 



TA1 =TA1 (u,Uc)=TA(u,A(Uc),U c (Y),p); 
wherein UcTO- U for V less than U, U C (Y) = Y for Y greater than or equal to U, and less 
than or equal to U 2 , and UcOO-U, for Y greater than U, wherein U t represents a ouiescent 
level for said compression threshold, wherein U, represents said decompression threshold 
wherein U c represents an adjusted compression threshold, wherein Y represents a control 
signal from said controller for controlling said compression threshold, wherein u represents 
said transducer input, wherein p represents a compression power, and wherein A represents a 
magnitude of gain, wherein for Y less than U x : 

A = G X 

and wherein for Y greater than or equal to U x : 



U c - 10 - 
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wherein G, represents the magnitude of a quiescent gain; and 

wherein for TA2=TA2{u)=TA(^l,U 2/ p 2 ), wherein u represents TA1, wherein U 2 
represents said decompression threshold, and wherein p.^e^P JjUfciJfr, 




43 (current amended) The dev.ce of claim 41 wherein said transfer funedon is further 
configured to provide attenuation for a transducer input representative of a portion of a 
subband of said sound signal having a sound level greater than an 

threshold, wherein said attenuation threshold is greater than said decompression 

threshold, 

44 (currently amended) The device of claim 43 wherem an asymptotic representation of 
said transfer function is defined as a cascade of three functions TA1, TA2, and TA3, wherein 
TA1 , TA2, and TA3 are each defined by the general formula: 

TA=<TA(u,A,U,p), 



wherein for |u| < U: 



wherein for |u| > U 



wherein: 



TA(u,A,U,p) = Au 



TA{u,A,U,p)=>sgn{u)AU 



TAl-TAl(u,U G )=TA(uA(Uc),U c (Y),p i ); 
wherein U C (Y)= V l for Y less than U lf U C (Y) = Y for Y greater than or equal to U, and less 
tMnoreoualtoU.andUcM^forYg^ 

level for said compression threshold, wherein U, represents said decompression threshold 
wherein U c represents an adjusted compression threshold, wherein Y represents a control 
sig oal from said controller for controlling said compression threshold, wherein u represents 
said transducer input, wherein P+ represents a first compression power, and wherein A 
represents a magnitude of gain, wherein for Y less than U,: 
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and wherein for Y greater than or equal to U,: 

rr 

A~G X 



U, 



wherein Gi represents the magnitude of a quiescent gain, 

wherein for TA2=TA2(u)=TA(u,l / U 2 ,p 1 ), wherein u represents TAX or TA3, wherem 
V 2 represents said decompression threshold, and wherein P¥ ^ee^ liJhil* and 

wherein for TA3=TA3(u)=TA(u,l,U3,p 3 ),u represents TA1 or TA2, wherein U 3 
represents said attenuation threshold, and wherein p 3 represents a second compression power. 

45 (original) The device of claim 35 further comprising a pluraUly of said transducers 
/ andaplurahtrofchann^^ 

' frequency range and comprising one of said transducers, and wherein said control » coupled 

TZoJc ^transducers, wherein said tta nsducer mput for each transducer is re P re_ 
of those frequency components of said sound signal that are wichin its correspond** 
predetermined channel frequency range. 
46 (currently amended. The device of .Uirn 45 wherein each of said ehannels and said 
controller are implemented in a digital signal processor, each transducer input being a dfptal 
representation of said snbbjnisound signal. 

47. (original) The device of data 46 wherein said digital signal processor is a multirate 

digital signal processor 

48 . (original) The device of claim 45 wherein each of said channels and said controller 
are implemented in a plurality of analog components. 

49 (currently amended) The device of claim 35 wherein said transducer and said 
controller are implemented in a digital signal processor, said transducer input being a cugital 
representation of said subband sound signal. 

- 12- 

2^54249 

PAGE 15/20 • RCVD AT 1/27/2004 4:40:52 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/10* DNIS:8729314 4 CS1D:3145527000 * DURATIO?yrnm-ss):0^54 



* JAN 27 2004 15:44 FR THOMPSON COBURN 3145527000 TO 30558S6918B08183 P. 16/20 



Appl. No. 09/935,510 

Arndt dated January 27, 2004 

Reply to Office Action of January 22, 2004 



50. (original) The device of claim 49 wherein said digit* Signal processor is a mutate 

digital signal processor, 

51. (original) The device of claim 35 wherein said transducer and said controller are 
implemented in a plurality of analog components. 



52. 



(original) The device of claim 35 wherein said controller is configured with: 
a first operating mode in which said controller is configured to not ad|ust said 



compression threshold; and 

a second operating mode in which said controller is configured to adjust said 
compression threshold at least partial* in response to changes in said sound signal; 
/ wherein said controller is switchable between said first operating mode and sa>d second 

operating mode. 

53 (original) The device of claim 52 wherein said controller is further configured with: 
a third operating mode in which said controller is configured to fix said compression 

threshold at a current level; 

wherein said controller is switchable between said first operating mode, sa,d second 

operating mode, and said third operating mode. 

54 (original) The device of claim 53 wherein said controller is configured to switch 
between said first operating mode, said second operating mode, and said third operating mode 
at least partially in response to a user input. 

55 (currently amended) A hearing amplification device for producing an amplified sound 
signal from a received sound signal, said hearing amplification device comprising a digit* 

signal processor configured to: 

pass a first data set representative of said received sound signal through a transfer 
function to thereby create a second data set representative of said amplified sound signal, 
wherein said transfer function is configured to provide (1) linear gain for data representauve of 
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a sound signal having * sound level less than • — » 

instantaneous compressive gain for data representative of a sound signal having * m 

compressive gain is less than said linear gain, and 

adjust said compression threshold at least partially in response to changes m said 

received sound signal. 

5S (gently amended) A hearing amplification device comprising: 

. transducer for producing a transduce, output from a transducer input, sa,d tr^sducer 
input being representative of . sound signal, said mu^ducer output being produced by 
rrocesslrTsaid transducer input according to a transfer function, said transfer funcuon betng 
Insured to provide (1, linear gain for a transducer input representative of a 
sound sign*, having a mM-^ -und level less than a compression threshold, and » 
/ ^tot^^compressivegamforatransducerinputrepres^ 
/ ^d signal having.aUn^an^ 

wherein said instantaneous compressive gain is less than said linear gam, and 

a compression threshold controller coupled to said transducer and configured to sw.«ch 
said compression threshold between at least two values. 

57 (original) T ^^wm»<io*^<*^*^*sMco**>U<** 
configured to switch said compression threshold at least partial* in response to changes in sard 

sound signal. 

3B (original) The hearing amplification device of claim 56 wherein said controller is 
further configured to switch said compression threshold at least partially in response to a user 



58 
hu 
input. 



59. (original) A method of diagnosing an extent and form of hearing impairment, said 
method comprising: 

detennining an amount of low level gain G. needed by a patient in a plurality of 
different audio frequency ranges for sound signals having a low sound level; 

- 14- 
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selecting a compression power p; 

adjusting a hearing amplifier device having a plurality of channels companding ; said 
audio frequency ranges to provide the determined low tevel gain G, for each channel and 
se.ec.ed compression po«er p, said hearing amplification device being conngured to process an 
input signal representative of a sound signal according to a me** family of channel 
Jnsducelcharac^isticstocreateanampnned signal, saidcharac^risticsdehnedbyO, Unear 
gain for input signals representative of a sound signal having a sound level less than a 
compression threshold, (2) rapid compressive gain for input signals representative of a sound 
signal having a sound level greater than a compression threshold, 

presenting a sound signal a. an input of the hearing amplification device to generate an 

amplified signal therefrom; 

providing to the patient the amplified signal generated from said presented sound 

t 5ignal; Idtsting the values of said compression threshold for low level gain G. for each channel 

and said compression power p until the patient communicates that he/she has perceived 

satisfactory results. 

60. (currently amended) A hearing amplification device adapted to receive a sound signal, 
the hearing amplification device comprising: 

at feast one fc^T" ™"-"™^BPNL) channel configured to receive an input 
representative of said sound signal, said at least one channel comprising an amplifier for (1) 
amplifying the input throughout a first range of sound levels and (2) i^tanta^e^ 
compressive* amplifying the input throughout a second range of sound levels, said sound level 
ranges having at least one end point defining at least one extreme value in its correspondmg 

range, and , , 

a compression threshold controller in circuit with said amplifier for adjusting the value 

of at least one sound level range end point. 

61 (original) The device of claim 60 wherein said sound level ranges are contiguous at 
a common end point, and wherein said compression threshold controller is configured to adjust 
the value of said common end point. 
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62 (original) The device of claim 61 wherein said compression threshold controller is 

changes in said input. 

«. (currently amended) A hearing amplification device adapted to receive a sound signal, 

the hearing amplification device comprising: 

T t Lt one i^^^^Smm Channel corn^ireuto recerve an urpu, 
representative o £ said sound signal, said channel comprising an amphfier for ^ 
compressive* amplifying -* 'hroughoutarangeof sound level 

a confer in circuit «ith said ampUfiet for adiusting a heginmng value of sard range. 

/ 64 (currently amended) A hearing amplification device adapted to receive a signal, 

^figured to receive an input represent of said sound signal, anIWDRC 
TrnXing said input, and a control coupled ro the ampuuet for acting a threshold sound 
level value for compressive amplification of said input 

65 (currently amended, A healing amplification device for producing an amplified sound 
signal fLateceived sound signal said hearing amplification device comprising a tata, 
.^■ ^vKv (BPNL) analog signal processor configured to: 

11 signal representative o, said received sound signal through a nonhnear 

amphfier . thereby create an ampnfied analog signal representative of said ampUned »und 
signal wherein said nonlinear ampUfier is configured to provide (1 ) linear gam for dau 
representative of a sound signal having a sound level iess than a compressron threshold 2) 

sreater than said oppression thrcshold, wherein said instantaneous compressrve gam . less 

than said Linear gain, and . 
adjust said compression threshold at least partially in response to changes in said 

received sound signal. 
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6 I 66. (new) The method of claim 59 wherein said rapid compressive gain is instantaneous 
compressive gain. 
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